Background: Obesity is strongly associated with female infertility, but the mechanisms underlying this relationship are largely unknown. Methods: We investigated the effect of increasing dietary fat percentage upon body mass, hypothalamic neuropeptide gene expression, adipose hormone secretion and fertility in females of the inbred mouse strains C57BL/6J and DBA/2J. To assess the effect of obesity independent of dietary influence, we also compared these parameters in wild-type female C57BL/6J mice to those congenic for the obesogenic mutations ob/ob and A y /a. Results: After 24 weeks, rather than exhibiting an obese, leptin-resistant phenotype like their female DBA/2J counterparts, wildtype female C57BL/6J mice remained lean, fertile and manifested increased hypothalamic LEPR-B expression. Although both mutant genotypes were associated with obesity and subfertility, ob/ob mice demonstrated significantly increased hypothalamic LEPR-B expression, whereas A y /a mice had a significant reduction. Interestingly, wild-type female C57BL/6J mice were noted to manifest significantly higher and lower levels of adiponectin and tissue plasminogen activator inhibitor-1 (tPAI-1), respectively, than weight-matched wild-type female DBA/2J mice. Conclusions: We conclude that (1) resistance to the obese-infertile phenotype in female C57BL/6J mice is associated with increased hypothalamic leptin receptor expression and alterations in adipokine levels consistent with decreased adipose tissue inflammation and (2) that long-standing hyperleptinemic obesity in mice is associated with a downregulation of the hypothalamic leptin receptor.
Introduction
Leptin is an evolutionarily conserved adipocyte-secreted hormone which has been under deep scrutiny since spontaneous genetic deletion in mice has revealed it to exert indispensable permissive effects upon appetitive behavior, metabolic rate and reproductive function. It is now appreciated, however, that common human obesity is not associated with mutation-induced leptin deficiency but rather with increased concentrations of circulating leptin. [1] [2] [3] This common or 'leptin-resistant' obesity is determined by an interaction between environmental influences, especially diet and a unique polygenic susceptibility. 4 Recent data suggest, however, that, regardless of its etiology, obesity appears to be a state of chronic low-grade inflammation characterized by an increase in both the serum levels of several inflammatory mediators and the number of secretory macrophages within white adipose tissue. 5, 6 We have previously noted that the threshold for the development of dietary-induced obesity (DIO) was much lower in female mice of the DBA/2J as compared to the C57BL/6J strain, and moreover that the DIO phenotype in female DBA/2J mice was accompanied by hypothalamic hypogonadism, suggesting that leptin resistance as well as deficiency may negatively impact upon fertility. 7 In an attempt to further elucidate the nature of obesity associated female infertility as well as to investigate the means by which it may be resisted, we scrutinized body mass, hypothalamic neuropeptide expression, serum adipokine levels and pregnancy rates in low-and high-fat fed wildtype females of these two strains in addition to low-fat fed female C57BL/6J mice carrying the obesogenic mutations, ob/ob and A y /a.
Female DBA/2J mice on the high-fat diet rapidly became obese, hyperleptinemic and subfertile with diminished hypothalamic LEPR-B expression. In contrast, we discovered that female C57BL/6J mice remained relatively lean and fertile despite very high-fat feeding and that this was accompanied by an increase in hypothalamic LEPR-B expression.
Although the obesity of female C57BL6/J mice homozygous for the obese mutation (ob/ob) and heterozygous for the lethal yellow agouti mutation (A y /a) was accompanied by severely impaired fertility and similar adipokine concentrations, their hypothalamic expression of LEPR-B was significantly increased and decreased, respectively, suggesting that LEPR-B expression is dynamically influenced by serum leptin concentrations.
Compared to their weight-matched DBA/2J cohort, female C57BL/6J mice manifested higher serum levels of the adipocyte secreted anti-inflammatory molecule, adiponectin and lower serum levels of the antifibrinolytic tissue plasminogen activator inhibitor-1 (tPAI-1), revealing their resistance to obesity to be associated with a pattern of adipokine secretion suggestive of relatively diminished inflammation.
Materials and methods

Experimental animals
All mice were obtained from the Jackson Laboratory (Bar Harbor, ME, USA) at approximately 3-5 weeks of age. They were housed five to a cage and maintained on a 1410 lightdark cycle with ad libitum access to food and water. Upon receipt, wild-type mice of both strains were randomly assigned to receive either standardized diet D12450B-i (4% fat by weight) or D12451-i (35% fat by weight) from Research Diets (New Brunswick, NJ, USA). C57BL/6J female mice with the ob/ob and A y /a genotypes were placed only on the 4% fat diet. All mice remained on their assigned diet until they are killed at the age of approximately 28 weeks. All protocols were conducted in accordance with the National Institutes of Health guide for the care and use of laboratory animals and were approved by the Institutional Animal Care and Use Committee of Columbia University.
Body composition analysis
The body percentages of fat and lean tissue and bone mineral density were calculated from exsanguinated carcasses of 10 mice per experimental group by dual energy X-ray absorptiometry (DEXA) using a Lunar PIXImus2 machine (GE Medical Systems, Waukesha, WI, USA).
Real-time PCR quantification of hypothalamic neuropeptides
The relative number of several hypothalamic neuropeptides including GnRH, NPY, LEPR-B, POMC and AGRP was quantified in 10 female mice from each experimental group at the age of 28 weeks. After a 6-h fast, the mice were killed by CO 2 asphyxiation. They were then exsanguinated by cardiac puncture, whereas their hypothalami were dissected and then stored at À801C in RNAlater (Ambion, Austin TX, USA). Hypothalamic total RNA was then extracted using RNAwiz reagent (Ambion, Austin, TX, USA) according to the manufacturer's instructions. Approximately 1 mg of each RNA sample was reverse transcribed into cDNA using the superscript III first-stand synthesis system (Invitrogen, Carlsbad, CA, USA) as directed. The cDNA was then subjected to quantitative real-time PCR amplification using the dynamo sybR green qPCR kit in an Opticon2 thermocycler (MJ Research, Waltham, MA, USA). A standard curve using serial 1:10 dilutions of pooled cDNA for each target transcript was generated in every PCR experiment to quantify copy numbers within any given cDNA sample. Data were normalized to the number of HPRT copies calculated per given sample. The PCR conditions were 40 cycles of 941C/601C/721C at 15 s each. The forward and reverse primers for each transcript were as follows: GnRH: ctgctgactgtgtgtttgga and acctccttgcccatctcttg; NPY: actccgctctgcga cact and gttctgggggcgttttct; LEPR-B: agaacggacactctttgaagtctc and aaccatagtttaggtttgtttc; POMC: gtgccaggacctcaccac and cttccgggg gttttcagt; AGRP: gcatcagaaggcctgacc and tcgcggttctgtggatct; HPRT: agcagtacagccccaaaa and tttggcttttccagtttca.
Hormone assays
At the age of 28 weeks, 10 mice per experimental group were fasted for 6 h and then killed by CO 2 asphyxiation. Mice were fasted before killing in an attempt to remove any potential confounding effects upon insulin levels attributable to recent eating. Their blood was obtained by cardiac puncture, allowed to clot on ice for 3 h and then centrifuged at 10 000 g for 10 min. The sera were then transferred to clean vials for storage at À801C until the day of assay. Mouse serum insulin, leptin, monocyte chemoattractant protein-1 (MCP-1), adiponectin, resistin and tPAI-1 were quantified by ELISA (Linco Research Inc., St Charles, MO, USA). Serum estradiol levels were quantified by Immulite chemiluminescent immunoassay, Diagnostic Products Corp., Los Angeles, CA, USA. All inter-and intra-assay coefficients of variation were less than 10%.
Mating experiments
In a separate experiment, 28-week-old female mice from each experimental group were mated for 1 week with 14-week-old C57BL/6J male mice of proven fertility in a 2:1 ratio per cage. Thirty female mice per experimental group were utilized, except for the ob/ob females for which eight were utilized. After the mating period was terminated, the females
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Statistics
A one-way analysis of variance was used to compare normally distributed cardinal data across the four experimental groups of the C57BL/6J strain and when data were non-normally distributed, a Kruskal-Wallis test was utilized. Two-tailed Student's t-tests were used to compare cardinal data between two experimental groups. w 2 analysis was used to compare pregnancy rates across strains. Po0.05 was considered statistically significant. All data were examined using Sigmastat 2.0 software (Jandel Scientific, San Rafael, CA, USA).
Definitions
The homeostatic model assessment (HOMA), an index of insulin resistance, was calculated as (G 0 ) * (I 0 )/22.5, where G 0 is the fasting glucose level expressed as mmol/l and I 0 is the fasting insulin level expressed as pmol/l. 8 The quantitative insulin sensitivity check index (QUICKI) was calculated as 1/[log(I 0 ) þ log(G 0 )], where I 0 is the fasting insulin level in uIU/ml and G 0 is the fasting glucose level in mg/dl. 9 DIO is defined as a body weight of more than two standard deviations above the average body weight of mice fed a low-fat diet. 10 
Results
Female C57BL/6J mice are resistant to DIO after 24 weeks of high-fat feeding The initial body weights of all female mice at approximately 4 weeks of age were statistically similar. At 9 weeks of age however, the female ob/ob, A y /a and DBA/2J mice on the 35% fat diet were significantly heavier than the control C57BL/6J females fed a 4% fat diet ( Figure 1 ). By 28 weeks of age, the female DBA/2J mice on the 35% fat diet were obese, weighing 50% more than their 4% fat fed controls. Although the high-fat fed female C57BL/6J mice weighed significantly more than their low-fat fed counterparts, this 5 g average increase was not sufficient to meet the criterion for DIO, nor was it accompanied by any significant alterations in DEXA parameters ( Figure 2 ). Even on a low-fat diet, the DBA/2J strain was significantly heavier than the C57BL/6J strain, suggesting that the DBA/2J strain possesses a greater basal level of inherent leptin resistance. Despite being fed the low-fat diet, both the female A y /a and ob/ob mice gained weight rapidly, with both ultimately weighing significantly more than the high-fat fed wild-type C57BL6/J females ( Figure 2 ). The increased body weight of the A y /a and ob/ob females was also partially attributable to a minor but significant increase in lean body mass ( Figure 2 ). Compared to their respective low-fat fed control group, the high-fat fed female DBA/2J and the ob/ob mice manifested significantly increased and decreased bone mineral densities, respectively ( Figure 2 ). Only the high-fat fed female C57BL/6J ob/ob mice demonstrated QUICKI and HOMA values that were significantly /a C57BL/6J mice. The DEXA determined bone mineral density (BMD) was noted to be greater in low-fat fed DBA/2J females as compared to low-fat fed C57BL/6J females, likely a strain difference. In addition, the ob/ob females had significantly lower BMD compared to all other female C57BL/6J mice, likely attributable to their long-standing hypogonadism and hypoestrogenemia. n ¼ 10 per group. All values expressed as mean7s.e.m. *Po0.05 for DBA/2J intrastrain comparison; **Po0.05 for C57BL/6J intrastrain comparison; @Po0.05 DBA/2J (4%) vs C57BL/6J (4%).
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Murine hyperleptinemic obesity is associated with decreased expression of hypothalamic leptin receptor and impaired fertility After 24 weeks of dietary manipulation, female DBA/2J mice had significantly diminished LEPR-B and GnRH levels and augmented NPY mRNA expression in the hypothalamus as compared to the DBA/2J controls fed the 4% fat diet (Figure 4 ). By contrast, the 35% fat fed C57BL/6J female mice had increased LEPR-B expression with no alterations of either GnRH or NPY expression (Figure 4 ). Although high-fat feeding increased POMC expression in both strains, it was the low-fat fed female A y /a mice, which manifested the greatest increase in POMC expression. The ob/ob mice manifested significant increases in NPY, AGRP and LEPR-B expression with a concomitant decrease in the expression of POMC and GnRH. As Figure 5 demonstrates, the natural pregnancy rates of the DIO female DBA/2J mice were over 60% less than that of their lean counterparts on the 4% fat diet (Po0.05), whereas no diminution in pregnancy rates was noted in the female C57BL/6J mice subjected to the 35% fat diet. The female C57BL/6J A y /a and ob/ob mice, however, manifested significantly lower pregnancy rates than their low-fat fed wildtype controls, demonstrating 50 and 100% diminutions, respectively (Po0.05). Although estrus cyclicity variation likely contributed to the wide variability in estradiol values, the serum estradiol levels were still noted to be significantly lower on average in female DIO DBA/2J and C57BL/6J ob/ob mice compared to their low-fat fed controls, consistent with their severely compromised fertility.
Resistance to DIO in female mice of the C57BL/6J strain is associated with decreased serum concentrations of tPAI-1 and increased serum concentrations of adiponectin Commensurate with their increase in body weights, the high-fat diet induced a significant elevation in the fasting Figure 5 Female fertility assessment. The natural pregnancy rates after 1 week of mating were severely compromised by high-fat feeding in the DBA/2J, but not in the C57BL/6J strain. As expected, the ob/ob female mice, which have an absolute deficiency of leptin, were completely infertile. The A y /a mice also manifested a significantly decreased pregnancy rate. Serum estradiol levels were significantly lower and essentially undetectable in the DIO female DBA/2J mice and the C57BL/6J ob/ob mice, respectively. n ¼ 30 per group except for the ob/ob group where n ¼ 8. *Po0.05 for DBA/2J intrastrain comparison; **Po0.05 for C57BL/6J intrastrain comparison.
Resistance to obesity and infertility in C57BL/6J DV Tortoriello et al serum leptin concentrations of both female DBA/2J and C57BL/6J mice (Figure 6b ). In general, as weight increased in the female C57BL/6J mice either owing to diet or mutation, their serum levels of MCP-1 and tPAI-1 increased ( Figure 5 ). Leptin levels positively correlated with weight in both DBA/ 2J and C57BL/6J strains, excluding the ob/ob mice which, as expected, produced essentially no immunoreactive leptin (Table 1 ). There was no significant effect of dietary fat content upon resistin levels in either strain. The ob/ob mice, however, did possess a significant increase in resistin levels ( Figure 5 ), consistent with their demonstration of severe insulin resistance. High-fat feeding diminished adiponectin levels only in female mice of the DBA/2J strain. Only the presence of the ob/ob genotype was sufficient to induce a significant drop in adiponectin among the female C57BL/6J mice. When seven weight-matched wild-type members from each strain were compared irrespective of dietary fat percentage, it was remarkable to note that although the two strains were statistically similar with regard to weight, body fat mass and leptin concentrations, the C57BL/6J females still possessed significantly higher and lower levels of levels of adiponectin and tPAI-1, respectively, as compared to the female DBA/2J mice ( Figure 6 ).
Discussion
To further explore the linkage between LEPR-B expression and obesity related infertility, we attempted to induce obesity in female C57BL/J and DBA/2J mice by increasing their dietary fat percentage to 35% by weight. Although the high-fat diet did lead to a significant weight increase in the female C57BL/6J mice, it averaged only 5 g after 24 weeks, approximately 66% less than that gained by female DBA/2J mice placed on the same diet. The only adipokine significantly altered by the marginal weight gain achieved by the female C57BL/6J mice fed the high-fat diet was leptin, a finding reflective of the very strong positive correlation we observed between leptin and adiposity ( Table 1 ). The failure of female C57BL/6J mice to acquire obesity after 24 weeks of very high-fat feeding reinforces our previous finding that female C57BL/6J mice are much more resistant to DIO than males, whose predisposition to develop leptin-resistant DIO has made them essentially the standard animal utilized for DIO research.
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We have previously demonstrated, and now corroborate with our current findings, that the level of hypothalamic expression of both GnRH and LEPR-B, the STAT-signaling competent isoform of the leptin receptor, is significantly body weight in female C57BL/6J mice, whereas levels in female DBA/2J mice remain undetectable, even after the attainment of obesity through high-fat feeding. Adiponectin was significantly decreased after high-fat feeding only in the DBA/2J group whereas only the female C57BL/6J mice carrying the A y /a and ob/ob mutations showed such a decrease. (b) Serum tPAI-1 levels were noted to increase commensurately with body weight in both DBA/2J and C57BL/6J strains. Resistin levels were unchanged by high-fat feeding but were significantly increased in ob/ob mice. Leptin levels increased significantly as with even minor weight increases, excluding the ob/ob mice, which produce no functional leptin. n ¼ 10 per group. All values expressed as mean7s.e.m. *Po0.05 for DBA/2J intrastrain comparison; **Po0.05 for C57BL/6J intrastrain comparison; @Po0.05 DBA/2J (4%) vs C57BL/6J (4%). Resistance to obesity and infertility in C57BL/6J DV Tortoriello et al reduced in obese female DBA/2J mice as compared to their lean counterparts. Again, this was seen in conjunction with enhanced hypothalamic NPY expression, suggesting that leptin's inhibitory effect on NPY expression is compromised by high-fat feeding in DBA/2J females ( Figure 4) . 7 In contrast, the 35% fat fed C57BL/6J female mice manifested augmented LEPR-B expression without any appreciable changes in their NPY or GnRH expression (Figure 4) , suggesting a central weight-defensive posture. A phase of enhanced LEPR-B expression in response to high-fat feeding, before an ultimate LEPR-B downregulation, has previously been documented in male C57BL/6J mice. 14 It is therefore possible that with more prolonged high-fat feeding, our female C57BL/6J mice may have also entered into a LEPR-B downregulation phase characterized by obesity, increased NPY-ergic tone and central infertility. Indeed, female C57BL/ 6J mice have been reported to become obese on a similar high-fat diet, 15 but it required over 36 weeks of high-fat feeding before they reached the same degree of obesity achieved after only 24 weeks by the female DBA/2J mice in this study. For our study purposes, longer durations of highfat feeding are undesirable given the potential confounding influence of burgeoning ovarian senescence upon our assessment of leptin-resistant hypothalamic hypogonadism. We placed female C57BL/6J mice possessing the A y /a and ob/ob genotypes on low-fat diets in an attempt to investigate the effect of obesity per se rather than diet on our chosen parameters. Mice homozygous for the ob mutation produce no functional leptin, and are obese secondary to hyperphagia, decreased metabolism and an increase in the relative percentage of energy that is stored as adipose. Contrary to the 35% fat fed wild-type C57BL/6J mice, the ob/ob mice had significant elevations of the orexigenic peptides NPY and AGRP levels, an effect attributable to an absence of leptin's central inhibitory stimulus. Unlike the ob/ob mice, which demonstrated a significant decrease, the A y /a mice demonstrated a significant increase in the mRNA expression of POMC, the molecular precursor to several peptides including a-MSH. This likely represents an attempt to defend against the hyperphagic obesity induced by the excessive competition between agouti-signaling protein (ASP) and a-MSH at the level of the melanocortin type 4 receptor (MC4R). Interestingly, the A y /a mice manifested a significant diminution in their LEPR-B expression as compared to the low-fat fed female C57BL/6J mice. This suggests that diminished LEPR-B expression may be a feature common to long-standing, 'steady-state' obesity as we have now noted its occurrence in mice of two different strains with obesity attributable to two distinct etiologies, namely increased dietary fat percentage (DIO) and increased caloric intake secondary to diminished a-MSH effect (A y /a). It is likely that the hyperleptinemia, which ultimately develops in these two distinct models of murine obesity, is the mutual catalyst underlying their diminished LEPR-B expression, a theory bolstered by the fact that leptin-deficient ob/ob mice conversely possess greatly increased LEPR-B expression.
The increase seen in circulating levels of several acutephase proteins and inflammatory cytokines in obese subjects has fostered the concept of obesity as a state of chronic lowgrade inflammation, a notion providing a potential pathophysiologic link between obesity and cardiovascular disease. Recent studies have shown that the adipose tissue of obese subjects is more densely populated with activated monocytes, which secrete several of these inflammatory mediators. 6 In an effort to discern if altered adipokine secretion was associated with the resistance to DIO demonstrated by the female C57BL/6J mice, we scrutinized the serum concentrations of several adipose tissue-secreted hormones, including leptin, MCP-1, adiponectin, tPAI-1 and resistin. The effect of increased dietary fat content had very little effect on adipokine concentrations in the C57BL/6J females, inducing only a mild increase in their serum leptin concentrations (Figure 6b ). Consistent with their much larger weight gain, the DBA/2J females demonstrated significant alterations in their serum leptin, tPAI-1, resistin and adiponectin values (Figure 6a and b) . Strong significant correlations existed between the concentrations of several adipokines and body fat mass as determined by DEXA (Table 1) , with the most robust being leptin and adiponectin. The serum levels of MCP-1 were essentially undetectable in all but the heaviest mice, those being C57BL/6J mice of the A y /a and ob/ob genotypes. There were significant differences in the adiponectin and tPAI-1 concentrations between the female C57BL/6J and DBA/2J mice when both were scrutinized at their low-fat fed baseline, but given the fact that the DBA/2J mice on the low-fat diet already weighed significantly more and possessed a significantly greater amount of body fat than the low-fat fed female C57BL/6J wild-type mice (Figure 2 ), we further compared adipokine concentrations between subsets of seven wild-type females from each strain that were weight matched. It was remarkable to note that even though the two groups were statistically similar with regard to weight, body fat mass and leptin concentrations, the C57BL/6J females still possessed significantly higher and lower levels of adiponectin and tPAI-1, respectively, as compared to the female DBA/2J mice ( Figure 7 ). Elevated concentrations of serum tPAI-1 are associated with both obesity and poor outcomes in cardiovascular disease, 16 a finding likely attributable to its abilities to increase coagulation and inhibit angiogenesis within tissues. 17, 18 Evidence is accumulating, however, that suggests tPAI-1 may modulate the acquisition of visceral obesity as well as contribute to the development of obesity associated morbidity. For example, deletion of the tPAI-1 gene in male C57BL/6J mice afforded them complete protection from the development of DIO and insulin resistance. 19 Elevated levels of the adipocyte-secreted anti-inflammatory protein adiponectin are associated with a decreased risk for the development of insulin resistance, fatty liver disease and atherosclerosis. 20 Obesity has been associated with diminished adiponectin concentrations, and indeed, among female C57BL/6J mice in this study, the serum levels of
Resistance to obesity and infertility in C57BL/6J DV Tortoriello et al adiponectin were lowest in the ob/ob mice. Enhanced adiponectin expression has been demonstrated in heterozygous PPAR-g knockout mice, whose phenotype is characterized by a resistance to the development of DIO, adipocyte hypertrophy and insulin resistance. 21 Heightened levels of adiponectin may elicit weight-suppressive effects indirectly through an inhibition of the expression of adipose TNF-a, a potent proinflammatory cytokine known to stimulate tPAI-1 release. Adiponectin, which is actively transported into the brain, has also been recently shown to decrease weight by centrally stimulating energy expenditure, 22 and in fact the aforementioned obesity resistant tPAI-1 knockout mice manifested an increase in both their adiponectin expression and basal metabolic rate. 19 Taken together, these findings suggest that altered concentrations of tPAI-1 and adiponectin may help determine body adiposity rather than merely reflect its magnitude. The infertility associated with absolute leptin deficiency has been ascribed to an enhanced inhibition of GnRH secretion by NPY, whose expression is greatly increased when the tonic inhibitory influence of leptin is not present. In this study, we have corroborated our previous finding that the relative resistance to leptin which accompanies DIO is sufficient to significantly reduce fertility in female DBA/2J mice. 7 We previously localized their infertility to the hypothalamus as PMSG/hCG injections corrected their deficient pregnancy rate and were also associated with normal of flushed oocytes post-treatment. 7 Wild-type female C57BL/6J mice, which remained essentially lean despite high-fat feeding, maintained normal fertility and normal expression of NPY and GnRH. It is conceivable that enhanced LEPR-B expression is utilized by high-fat fed female C57BL/6J mice to increase central leptin effect and thereby prevent NPY overexpression and its attendant hyperphagia, obesity and central infertility. If this premise holds true, then it would also imply that there is an earlier aberration that impedes hypothalamic leptin signal transduction for which the overexpression of LEPR-B is generated to counteract. Although evidence suggests that leptininduced overexpression of SOCS-3 may play a key role in the ontogeny of leptin-resistant obesity, we have thus far been unable to demonstrate any significant differences in hypothalamic SOCS-3 expression in DIO DBA/2J female mice. 7 It may be necessary, however, to dissect out discrete hypothalamic neuronal populations rather than to scrutinize the hypothalamus in its entirety to clearly discern this effect. As previously discussed, it is also possible that an alteration in the secretion of adipocyte hormones such as adiponectin or tPAI-1 may influence the development of leptin-resistant obesity and infertility, either directly via an autocrine/paracrine mechanism within adipose tissue or perhaps indirectly through modulation of hypothalamic neuropeptide expression.
In conclusion, we have demonstrated that, in contrast to female DBA/2J mice, female C57BL/6J mice are resistant to the development of obesity and its associated infertility, and that this resistance is characterized by unique alterations in both their hypothalamic neuropeptide profile and adipokine secretion. Their increased hypothalamic expression of LEPR-B with unaltered expression of NPY suggests a central defensive mode against the acquisition of obesity, and this may in turn stem from a strain-specific anti-inflammatory alteration in the adipocyte secretory pattern in which serum concentrations of adiponectin and tPAI-1 are increased and decreased, respectively. Further investigation is required to more fully elucidate the impact of these adipose tissue inflammatory mediators upon central reproductive function. Resistance to obesity and infertility in C57BL/6J DV Tortoriello et al
